ABSTRACT. Age of acquisition (AoA) of words is a recognised variable affecting language processing in speakers with and without language disorders. For bi-and multilingual speakers their languages can be differentially affected in neurological illness. Study of language loss in bilingual speakers with dementia has been relatively neglected. Objective: We investigated whether AoA of words was associated with level of naming impairment in bilingual speakers with probable Alzheimer's dementia within and across their languages. Methods: Twenty-six Frisian-Dutch bilinguals with mild to moderate dementia named 90 pictures in each language, employing items with rated AoA and other word variable measures matched across languages. Quantitative (totals correct) and qualitative (error types and (in)appropriate switching) aspects were measured. Results: Impaired retrieval occurred in Frisian (Language 1) and Dutch (Language 2), with a significant effect of AoA on naming in both languages. Earlier acquired words were better preserved and retrieved. Performance was identical across languages, but better in Dutch when controlling for covariates. However, participants demonstrated more inappropriate code switching within the Frisian test setting. On qualitative analysis, no differences in overall error distribution were found between languages for early or late acquired words. There existed a significantly higher percentage of semantically than visually-related errors. Conclusion: These findings have implications for understanding problems in lexical retrieval among bilingual individuals with dementia and its relation to decline in other cognitive functions which may play a role in inappropriate code switching. We discuss the findings in the light of the close relationship between Frisian and Dutch and the pattern of usage across the life-span. Key words: age of acquisition, bilingualism, picture naming, dementia.
INTRODUCTION
T his study concerns the effects of age of acquisition (AoA) of a language and words within that language on naming performance in bilingual speakers with dementia. Studying language acquisition and attrition in healthy bilingual speakers has offered important insights into the development and processing of language in the brain, not just for bilingual speakers, but also for monolingual subjects. [1] [2] [3] [4] [5] Study of breakdown across languages in people with neurological impairment has complemented these studies to further enrich the field in areas such as representation and processing of different languages or subsystems (e.g. phonology, lexicon, morphology) in the brain and the influence of psycholinguistic factors on outcomes in neurorehabilitation or decline. [6] [7] [8] [9] [10] [11] Sociolinguistic-oriented studies have emphasized the importance of social-psychological factors in language maintenance and loss across the lifespan. 2, 3, 12 Differentiation of usage has been implicated as a variable affecting performance and outcomes -for instance role of a language as the medium for education and administration versus for daily living; or variation in the place and interlocutor of usage (e.g. at work vs at home; with spouse and friends vs with strangers). The importance of such variables is also that they in turn may influence relative levels of activation and inhibition and thereby determine ease of access to a particular language at a given time and in a given place. 5, [13] [14] [15] AoA (age of acquisition) of a language or of words within a language has been one of the variables that has received increasing attention as a factor that influences performance in mono-and bilingual speakers and may explain the relative vulnerability of their different languages to disruption from normal ageing processes or neurological disorders. AoA has been demonstrated to influence a range of linguistic functions and processes including word naming, recognition accuracy, reaction times on lexical decision and retention and attrition. 8, [15] [16] [17] [18] [19] [20] [21] [22] [23] Catling et al., 24 found such an effect in neurologically healthy subjects even after short controlled (frequency x order of acquisition) exposure to a computer delivered artificial language learning task.
As becomes apparent later, how one determines what counts as early vs later acquisition, the relationship of words across languages (in particular non-cognate vs cognate) and the relative dominance between language pairs can be important. For example, Cuetos et al., 25 studied the influence of frequency and AoA of words in English and Spanish individuals with Alzheimer's. The authors found AoA estimates based on adult (as opposed to younger person) ratings of AoA strongly predicted naming behaviour, as did word frequency derived from estimates based on older written texts (in contrast to recent ratings derived from film subtitles). When adult frequency estimates were replaced by estimates based on lifetime frequency of usage this did not lessen the effects of AoA.
Costa et al., 26 investigated naming in 71 CatalanSpanish bilingual patients -24 with mild cognitive impairment and 47 with Alzheimer's and found parallel deterioration in the speakers with Alzheimer's. For all groups, cognate status of words and word frequency interacted with AoA as determinants of performance, as found previously. 27 However, Verreyt et al. 28 suggests that the effect may only be operative when both languages are potentially activated.
Gollan et al., 29 examined naming in relation to the dominant or nondominant status of the languages of participants with dementia (Spanish-English). Against expectations, that the person's non-dominant language would be more vulnerable, they found that the dominant language could be more susceptible to disruption. Their explanation for this was that Alzheimer's affects richer semantic representations and therefore might be manifest earlier in the more proficient language. These brief illustrations underline the activeness of debates in the field and the necessity for further investigation.
Several theoretical accounts of word retrieval have considered that word frequency represents an important determinant of the speed and accuracy with which a word is recognized and responded to. 30, 31 High-frequency words are recognized more rapidly and more accurately than low-frequency words. Re-analysing data from Oldfield and Wingfield, Morrison et al. 32 found AoA to be a significant determinant of object naming speed and that the relationship of word frequency to performance is significantly diminished or removed once its correlation with other variables, such as AoA and word length, is taken into account. This concurs with older findings. 33, 34 Of course, high-frequency words are typically learned earlier in life and tend to be short. Thus, it is possible that previous reports of frequency effects in word naming and/or word length in word naming may in fact have been AoA effects. Morrison et al., 35 showed a marked effect of rated AoA in naming matched on frequency, but no frequency effect in naming matched on rated AoA, indicating AoA rather than frequency is the major determinant of naming speed. The strength of support therefore appears to suggest that, all other variables being equal, words learned earlier in life are retrieved faster than later acquired words, 36, 37 and early acquired words may be more resistant to the effects of Veenstra WS, et al.
Naming performance in bilingual speakers with dementia some forms of brain injury than later acquired words. 38, 39 We aimed to ascertain whether this pertained in bilingual speakers and whether the difference in AoA of their languages and words within those languages would confer some immunity to degradation of naming in earlier acquired words and languages in the face of dementia.
Further examination of this question will help confirm or refute findings concerning the effects of AoA on lexical performance. It can also afford insights into understanding the consequences of such effects in judging clinical prognosis in language attrition in bilingual speakers with dementia. Accordingly, in this cross-sectional study, we aimed to assess picture naming performance in Frisian-Dutch sequential bilingual speakers with dementia who were highly proficient in both languages before the onset of decline. We hypothesized that within languages, early acquired words would be more resistant to the effects of dementia than later acquired words, and that between languages Dutch (as the later acquired language) would be more susceptible to impairment.
METHODS
Participants. We recruited bilingual Frisian and Dutch residents from a large psycho-geriatric nursing home in Fryslân. Inclusion was based on medical histories and the presence of cognitive impairments confirmed by neuropsychological tests, including memory, orientation, insight and word finding difficulties. The diagnosis of probable Alzheimer's disease (AD) was made according to the NINCDS-ADRDA criteria. The study was carried out following the principles of the declaration of Helsinki (http://www.wma.net/en/30publications/10policies/ b3/) on conduct of medical research. Agreement to recruit from the nursing home was granted by the medical director with agreement of the staff. Potential participants and their families received full information about the study and their role. Participation was only after informed, voluntary consent, from both carers and the person with dementia.
Twenty-six patients with probable AD participated in the study (21 female), with a median age of 86 years (IQR 81-89, range 61-96 years). Time since diagnosis of dementia ranged from 1.5-10 years, with a median of 4.5 (IQR 2.25-9.0). Time in formal education ranged from 3-16 years (median 6, IQR 6-8 years), the majority having completed only elementary school.
Prior to dementia onset all participants had been highly proficiency bilinguals as determined by the History of Bilingualism Questionnaire. 40 They acquired Frisian as their native language from birth. Two had first been exposed to Dutch at age 3 years, the rest at age 6 years on school entry. Subsequently they used both in an environment where Frisian and Dutch were used alternately. All used Dutch on a regular basis prior to dementia onset. However, in all cases, Frisian was considered the most dominant language throughout their lives. At the time of testing, eight participants considered themselves equally proficient in both languages, the rest dominant in Frisian. Four had not learned to write Dutch, thirteen did not write Frisian. Two did not read Frisian, but all read Dutch.
Procedures. Participants named a set of 90 black-andwhite hard copy drawings of objects (Appendix 1), selected from the 391 items, all nouns, of the European Naming Test. 41 Two equivalent lists were constructed for each language, which included cognates. The following word variables were recorded.
Name agreement, the extent to which subjects agree on the target name for a picture, was available for Dutch norms for all original 391 pictured items, based on two groups of healthy males and females, aged 60-75 with either less than 10 years, or more than 10 years formal education. Frisian measures of name agreement were obtained as part of the current work from six healthy bilingual speakers of Frisian and Dutch who were asked to name all the initial 391 pictures in both languages. The final selection of pictures that were used in this study comprised the 90 stimuli with values for Dutch name agreement median of 93% (IQR 88-98, range 78-100%) and for Frisian median of 100% (IQR 80-100, range 70-100%).
Word frequency for Dutch was taken from the CELEX database. 42 Frisian word frequencies were obtained from the Frisian word count database of the Fryske Akademy, the main research institute for Frisian language and history.
Age of acquisition. Ideally, word learning age should be derived from a child language database. In the absence of such a database, researchers have relied on adult estimated AoA ratings. AoA ratings correlate highly with objective ratings of word learning age. A high correlation was obtained between rated AoA and the rank order of the words in the norms on the standardized Chrichton and the Mill Hill Vocabulary Scales. 33, 34 Morrison et al., 43 showed a significant correlation between children's naming performance and adult AoA ratings for 297 pictorial nouns, concluding that rated word learning age is both a reliable and a valid measure of AoA.
We obtained AoA norms using a scale with seven age bands beginning with 0-2 years and increasing 2 years at a time to 11-12 years of age, with the oldest response being 13 years or older. 44 Ratings were collected from 17 healthy, highly proficient bilingual adults (11 females), with a median age of 29 years (range 18-62 years). All were native speakers of Frisian, and their second language was Dutch. They were presented with the 90 Frisian target words and their Dutch translation equivalents and rated when they believed they had learned each word, in either spoken or written form. AoA ratings were averaged across the 17 raters, and the mean score for the items calculated for both languages (Appendix 1). Following Morrison et al and others we used a cut-off of mean of 8 years to distinguish early from late acquired words.
Word length was defined as the number of phonemes for both Frisian and Dutch names. Mean length for Frisian was 6.2 (SD 2.8; range 2-13) and for Dutch was 5.75 (SD 2.5, range 2-12).
Testing. Participants were seen on separate occasions for testing in Frisian and Dutch, within an interval of three to seven days. Order was randomised across participants. Each participant received instruction using practice trials. Testing commenced once comprehension of the task was confirmed.
Participants were asked to name the picture. If they failed to respond or indicated difficulty perceiving the meaning of the picture, a semantic cue was provided. If they were still unable to name the picture, a phonemic cue was given, the first sound of the target word. These contrasting cues were employed to permit insights into whether misnaming might be due to misidentification or degradation of knowledge of the concept.
Testing was conducted by two different examiners, one a monolingual Dutch speaker, the other a bilingual Frisian-Dutch speaker. On both occasions, the sessions were entirely monolingual, including all conversation, instructions and administration of the test. The monolingual examiner could easily claim she did not understand when spoken to in Frisian. If Frisian was used she asked for the Dutch translation. However, the bilingual examiner could not feign ignorance of Dutch since no one is monolingual in Frisian. She maintained Frisian throughout. If the individual switched to Dutch she repeated in Frisian what had been said and continued in Frisian. This represented a slight inconsistency between languages. However, there were very few instances of this situation (see results).
Responses were scored independently by two raters. Correct responses and immediately self-corrected responses counted as correct. Correct responses after semantic or phonemic cuing were totalled separately.
Errors were classified as incorrect when a speaker gave no response, a wrong name, or the translation equivalent of a target word (i.e. there was inappropriate code switching). Also noted, was whether code switching occurred after cued items. Incorrect responses were further divided into related or unrelated to the target word. Related responses were categorised according to visual or linguistic (semantic; phonological) similarity to the target item. Unrelated responses were subdivided into perseverations and no response.
RESULTS
As in previous studies there existed a significant correlation between AoA and frequency overall (Pearson's r -.503, p=<0.001) as well as within the separate languages (Frisian r -.577; Dutch r -.614), with later acquired words tending to be lower frequency. AoA and word length also correlated significantly (overall r .340, p=<0.01; Frisian r .523; Dutch r .543), with longer words being later acquired. Name agreement did not correlate significantly with AoA, frequency or word length.
Naming performance. Table 1 summarises the correct and self-corrected responses for all items. Table 2 separates correct responses according to early versus late acquired words.
There was almost identical mean total correct responses in the two languages (Table 1) , with a nonsignificant higher percentage of self-corrections in Frisian. A repeated-measures analysis of covariance was performed on the set of 90 pictured items to test the effect of language on correct plus self-corrected responses. The covariates included were AoA, word frequency and word length. With these variables controlled, the analysis showed a significant effect of language [F (1,86) No difference was found within the Dutch data between early and late acquired words, but in Frisian a higher amount of code-switching was observed in earlier compared to later acquired words.
Errors. The proportion of error types, as outlined in the methods section, and the average number of errors per target word appear in Table 3 . No difference in overall error distribution was found between languages, either for early or late acquired words. The results indicate a significantly higher percentage of semantically than visually related errors in both languages.
DISCUSSION
Our results confirm previous reports of deficits in word finding in dementia. Consistent with other investigations of naming abilities in bilingual speakers with dementia, we found a similar severity and nature of problems in lexical retrieval in both the first and second acquired language, supporting the contention that the neurophysiological and neuropsychological processes underlying speech output are shared between the languages of a bilingual person. 10, 26, 29, 45 Where apparent differences between the languages did emerge these may be interpreted (below) within a framework where explanations relate to patterns of usage and relative proficiency in different domains and situations that may influence levels of activation, rather than differential neural representation per se. 14, 15, 26, [45] [46] [47] We hypothesized that naming accuracy would be greater in an earlier acquired language and that within languages, earlier acquired words would be less susceptible to error in people with dementia. Previous work, as cited above, has suggested that less frequent and longer words would be more poorly named, and that object names with high name agreement would be retrieved faster and more accurately than object names with lower name agreement; however, once these variables were controlled for, AoA would emerge as a sole predictor. The present results confirm effects for frequency and length, but crucially also indicate that when words are controlled for these variables, there remains a significant effect of AoA on naming within languages. Name agreement did not feature as a significant variable once other variables were factored out. However, the hypothesis that Dutch, the later acquired language, would be more impaired than Frisian, was not borne out. Further, the current group demonstrated more inappropriate code switching within the first language (Frisian) setting than Dutch, despite always choosing the appropriate language in conversation.
Such findings reflect those of others. De Santi et al., 48 reported that their bilingual patient with dementia always chose the appropriate language in conversation but demonstrated code-switching problems in the first language. They explained this pattern by the fact that the patient had learned both languages almost simultaneously. This does not apply to the current speakers where there was a distinct separation in acquisition of their two languages.
Hyltenstam et al., 49 investigated two premorbidly highly fluent bilingual speakers with Alzheimer's. Their late bilingual was more likely to employ his first language. Whilst the early bilingual showed no tendency to overuse one language compared to the other, she did not always choose the appropriate one. They speculated that the early bilingual suffered from a language choice problem and the late bilingual from a language separation problem, a disability in inhibiting the native language while producing the second language. The basis, and usefulness of the distinction between choice and separation has been questioned due to its lack of theoretical validity and lack of practical feasibility in establishing the distinction. 50 A more plausible suggestion for Hyltenstam et al's findings is that the underlying impairment for both was one of activation and inhibition, but that (at the time of testing) for their late bilingual there was stronger inhibition of the second language. 15 This would also be in agreement with Heidlmayr et al.
14 who investigated effects of frequency of use of a language on a Stroop colour task among neurologically intact highly proficient sequential bilinguals. Their findings supported the notion that top-down active inhibition of languages plays an important role in performance.
In the present study, in terms of relative activationinhibition of languages in a situation, the findings may have arisen in the following fashion. Every effort was made to assure testing sessions were viewed as monolingual exchanges. Whilst speakers throughout their lives would have been used to encounters where interlocutors spoke no Frisian, there would have been next to none where the assumption was that the conversation partner understood no Dutch. The greater intrusion of Dutch naming into the Frisian setting here, which was perceived as formal, with a non-family member or close friend, may therefore reflect an underlying language activation readiness 14, 15, 51 where in speaking Frisian with a stranger Dutch is not completely supressed, but in speaking Dutch the Frisian language may be. Further, whenever lexical retrieval difficulties arose in Frisian, a life-long accepted strategy would have been to code switch to Dutch, but the reverse would not be the case. These may all have added to the tendency here for Dutch, the later acquired language, to intrude into Frisian conversations but not vice versa.
Certain contextual features of this study might also colour the understanding of the data, in particular interpreting the relationship of AoA effects across languages. Although speakers perceive Frisian and Dutch as separate languages, structurally and phonologically they are extremely close and thus this study is similar to ones employing bilingual speakers of e.g. Spanish-Catalan, Spanish-Galician or Friulian-Italian, Veneto-Italian. For several items in this study, the difference was more one of pronunciation rather than radically different lexical item (e.g. Frisian kaam Dutch kam (comb)). For these words, the Dutch version was indeed acquired later, but its closeness to the Frisian form meant the nature of its representation and processing may be different to words that contrast completely (e.g. Frisian kaai, Dutch sleutel (key)). Studies demonstrate that cross-language cognates behave differently in terms of frequency and AoA effects compared to non-cognate lexical items. 26, 27, 52 In effect, AoA for cognate pairs should be taken from the AoA in the first learned language; frequency is better represented by a cumulative cross-language measure rather than separate measures for each language.
The cognitive consequences of the presence of a significant number of cognates may therefore have somewhat biased the Dutch AoA outcomes here. However, with regards to performance on cognates, Verreyt et al. 28 showed in a single case study of a bilingual aphasic speaker, that cognate effects may be less straightforward than simply they do or do not behave differently to non-cognates. The authors found an effect of cognate status on naming in tasks where both languages could be expected to be activated, but almost no effect on tasks where languages were selectively targeted. Thus further investigation of cognate effects is warranted.
Pattern of usage across the life-span may also represent a factor that influenced results. Frisian was acquired from birth. As the participants grew up (before the advent of television and widespread radio) Frisian was likely to be the sole language heard before school entry. From school years onwards the speakers employed Frisian and Dutch in a balanced and highly proficient fashion. They heard, read and spoke both languages extensively. However, there may have been subtle variations in balance that had consequences for test scores here. Dutch became the language for more formal discourse, reading, writing and later national TV and radio entertainment (but with Frisian regional stations). Literacy in a language also influences phonological organisation and output. 53 This may have introduced a bias for later acquired Dutch words to be spoken more frequently than later acquired Frisian words. 46 The interpretation is not supported by Cuetos et al. 54 who tested the claim that words acquired later in life would show a greater frequency (as opposed to AoA) effect. They in fact found the reverse, suggesting that amount of exposure across the whole life-span may interact with AoA. We did not conduct finegrained language dominance tests with participants. The assumption was that, similar to unaffected individuals, their usage of Dutch and Frisian was equal in distribution, frequency and proficiency. This underlines the importance in future studies of gathering data not just on overall usage of a language, but also on the domains of usage, in order to exclude this potential distortion.
Language dominance has been a factor proposed to affect performance and decline. The dominant language is considered easier to access and activate, especially given that dementia compromises executive function and top-down control processes. Gollan et al., 29 investigated the hypothesis that bilingual patients with dementia regress to using primarily their dominant language. Nevertheless, they found speakers with patterns of naming better or equal in their non-dominant language compared to dominant one, suggesting a speaker's nondominant language is not necessarily differentially susceptible to disruption. They speculated that this may relate to the possibility that decline in dementia is first manifest in words with richer semantic networks, which would be the case for the dominant language.
Another possibility for why performance in some bilingual speakers may be poorer in their notionally dominant or first language than in the assumed nondominant later language is where the former has been infrequently employed in later years and so may be already in a more advance state of attrition. 2, 55 In the current study, where participants had maintained both languages equally throughout their lives, this should not have been the case. Further, one should guard against assuming that an earlier acquired language is automatically the more dominant one. Dominance may well be a function of order and age of acquisition but is also determined by a host of other social and psychological variables pertaining to patterns of usage across the life-span. 2, 5, 12 Turning to the pattern of errors shown by participants, semantic rather than visual features dominated. This supports the contention that (at least in mild to moderate stages of dementia) naming is predominantly compromised by degradation of semantic representations whilst visual object analysis is not influenced by AoA. 10, 21, 25, 29 Alternative accounts for the profile could be that AoA may primarily affect processes that occur prior to others more sensitive to word frequency or object recognition, 56, 57 and/or earlier acquired words are produced faster because the corresponding concepts have richer sensory-visual features acquired through direct sensory experience. 22 Whether semantic or visual errors predominate may be steered by the nature of the task, for instance naming versus object decision. 21 Further investigations comparing tasks and elicitation procedures and tracking evolution of error patterns longitudinally in bilingual speakers 11, 45 similar to studies conducted with monolingual speakers 10, 11 are still required. As regards potential clinical lessons, the present findings confirm that AoA significantly influences naming performance in bilingual speakers with dementia. This should be taken into consideration when devising and applying assessments for this population. The outcomes also suggest taking AoA into account when searching for words or devising materials to support information giving and rehabilitation of bilingual people with dementia. Interpretation of the results further suggests it is important to gather information not just on overall pattern of acquisition and usage of the languages but to focus on more subtle aspects of usage or exposure and elements in interactions that can affect levels of activation of the language overall or specific domains of vocabulary within the different languages. There may be a role for exploiting AoA in picture naming as a variable sensitive to cognitive decline and detection of cognitive changes. 8, 39 Firmer confirmation of these suppositions is awaited through replication of the study with more distantly or unrelated language pairs. Future studies can also in-form which aspects of languages (distance, cognates) influence inhibitory control and error monitoring (as part of executive dysfunction) in bilingual speakers with neurological diseases. Finally, it is clear that we do not yet fully understand the nature of the origin or effects of AoA. The effect may not be specifically linguistic or more narrowly lexical but a manifestation of a more general property of order of acquisition. 8, 39 
